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Cardiac injuries from blunt chest trauma most com-
monly result from high-speed motor vehicle colli-
sions. Less common causes include falls from
heights, blast injuries, direct torso trauma and crush
injuries. Blunt cardiac injury represents a spectrum
of conditions ranging from relatively minor injuries
such as myocardial contusion to highly lethal con-
ditions such as frank cardiac rupture. Specifically,
the anatomic structures at risk of injury include the
pericardium, the cardiac valves, the papillary mus-
cles, the chordae tendinae, the septal wall, the
coronary vessels, and the cardiac chambers, with
or without associated great vessel injury.2
The magnitude of the problem is probably under-
estimated due to fatalities in the field that never
present for clinical diagnosis. Nevertheless, the
development of more efficient prehospital care
and more expeditious air transport as well as
improvements in emergency department resources
and staffing, make it logical to expect more cases of* Corresponding author. Tel.: +1 312 996 6765;
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the future. In 1935, Bright and Beck reported the
results of the postmortem examination of 152
patients with blunt cardiac injury.2 The four cham-
bers were ruptured with equal frequency, and only
30 patients lived for more than one hour. A post-
mortem review by Parmley et al. in 1958 identified
353 patients who died from cardiac rupture repre-
senting 64% of all blunt cardiac trauma victims.18 In
this series, ventricular rupture was more common
than atrial rupture, the right ventricle being most
commonly involved. Subsequent studies have shown
significant variance in the incidence of these inju-
ries depending upon the patient population studied.
Martin et al. reported an incidence of 0.5% among all
patients sustaining blunt trauma,14 whereas Shorr
et al. reported an incidence of 0.3%, or 3% of those
with documented chest trauma.24 A more recent
autopsy study from Finland noted chest injury as a
cause of death in 1121 victims out of 4169 fatalities
from traffic collisions.23 The incidence of cardiac
rupture was 1.84%, but among those dying of chest
injuries, the incidence was 28.4%, second only to
aortic rupture which occurred in 37%.
Blunt traumatic rupture of the superior vena
cava and the right heart is uncommon and not
342 R.A. Chaer et al.usually diagnosed preoperatively. Few reports are
available on such lesions because most patients die
before receiving medical attention.4,25 We present
a case successfully managed by early surgical
repair and stress the importance of bedside ultra-
sound for expeditious diagnosis of this rare clinical
entity.Figure 2 Cardiac sonogram showing compression of the
right ventricle by intrapericardial fluid.Case report
A 20-year-old male was brought to the emergency
department (ED) 30 min following a high-speed
motor vehicle crash. He was the unrestrained pas-
senger and was stable at the scene. His vital signs
were normal, but he was combative, and he was
subsequently intubated. No obvious external inju-
ries were evident. He remained haemodynamically
stable, and had a focused sonographic assessment
(FAST scan) performed by the trauma team. This
study showed no abnormalities, and he subse-
quently underwent an AP semi-upright chest radio-
graph that was normal, with a normal cardiac
silhouette. A cross table lateral C-spine X-ray
was normal. At this point, the patient remained
haemodynamically stable, and the diagnostic
workup continued with computed tomography
(CT) examination of the brain, chest, abdomen,
and pelvis. While his brain CT was negative for
injury, the chest CT demonstrated pericardial fluid
(Fig. 1), and bilateral pulmonary contusions. The
CT of the abdomen and pelvis showed free
intraperitoneal fluid in the absence of solid organ
injury.
Shortly after returning to the ED, the patient
became transiently hypotensive with a systolic
blood pressure of 70 mmHg that stabilised after aFigure 1 CT scan examination of the chest with evi-
dence of pericardial fluid and bilateral pulmonary contu-
sions.2-l fluid bolus given through a femoral venous
access. A repeat cardiac sonogram revealed com-
pression of the right ventricle by intrapericardial
fluid and tamponade physiology (Fig. 2). On physical
examination at that time, no jugular venous disten-
sion or upper torso cyanosis was appreciated. No
peritoneal lavage was performed.
The patient was brought to the operating room
where a median sternotomy was performed 2 h
after his initial presentation. The pericardium
was fully opened and blood clot was evacuated.
There was no ventricular injury noted. A 2 cm
laceration of the distal superior vena cava extend-
ing into the right atrial appendage was identified.
It was controlled with vascular clamps and
repaired without cardiopulmonary bypass. A long-
itudinal primary closure was performed using
interrupted pledgeted 5.0 prolene. Because of
the preoperative finding of free intraperitoneal
fluid on abdominal CT and significant abdominal
distension, the abdomen was explored. Abdominal
exploration yielded a minimal amount of clear
fluid that was thought to be secondary to the
resuscitation. No organ injury or bleeding source
was identified. After the chest was closed, the
abdomen was left open due to the development of
bowel oedema secondary to the shock state and
subsequent volume resuscitation. The patient had
a stable postoperative course. His abdomen was
closed within 72 h of his initial surgery, and the
patient was discharged to home 10 days post-
injury. A transthoracic echocardiogram done prior
to discharge did not show any structural defects.
The patient continues to do well in outpatient
follow up.
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Most blunt cardiac injuries result from compression
of the heart between the anterior chest wall and the
vertebral column, but other mechanisms may also
contribute to cardiac rupture. Among these are:
direct transmission of increased intrathoracic pres-
sure to the cardiac chambers; transmitted hydraulic
effect from the abdominal or extremity veins to the
right atrium (the so-called ‘‘hydraulic ram effect’’
described by Stapp8); progression from myocardial
contusion to necrosis and subsequent rupture; car-
diac laceration from fractured ribs or sternal frag-
ments; and deceleration forces, tearing the
junctions of fixed and mobile portions of the heart,
such as the disruption of the atrial junction with
either the vena cava or the pulmonary veins.
The atria are most likely to rupture late in systole
with maximal distension and closed atrioventricular
valves. Ventricular rupture is most likely to occur at
the end of diastole with maximal ventricular dis-
tension. The anatomic locations of cardiac rupture
in survivors are distributed as follows: right atrium
(50%), right ventricle (17%), left atrium (24%), and
left ventricle (9%).12 Most injuries involving cham-
ber rupture will manifest immediately after impact,
however, other anatomic injuries such as septal
defects, valvular insufficiency, and aneurysms or
pseudoaneurysms may present acutely, or develop
slowly over time as a result of progressive necrosis of
areas of contused myocardium.
The acute clinical presentation varies depending
upon the presence of concomitant pericardial rup-
ture. Besides cardiac tamponade, the other primary
manifestation of blunt cardiac rupture is severe
haemorrhage with massive haemothorax. This
usually occurs in a small percentage of patients
who have an associated pericardial laceration.
The majority of patients with blunt cardiac rupture
present in cardiac arrest without vital signs. In the
non-moribund patient, hypotension is invariably
present as in the currently reported case, and a
precordial murmur that sounds like a splashing mill
wheel, the so-called ‘‘bruit de moulin’’ may be
heard. Beck’s classic triad (muffled heart sounds,
hypotension, and increased venous pressure) is
uncommonly found. Other common signs and symp-
toms as reported by Leavitt et al. include elevated
central venous pressure (95%), tachycardia (89%),
distended neck veins (80%), cyanosis of the head,
neck, arms, and upper chest (76%), unresponsive-
ness (76%), distant heart sounds (60%), and asso-
ciated chest injuries (60%).12 Similarly, Pevec et al.,
in reviewing a series of 61 survivors of blunt cardiac
rupture, reported that 70% had an admitting systolic
blood pressure of less than 80 mmHg, and 78% had acentral venous pressure greater than 20 mmHg or
distended neck veins.21
Nevertheless, despite the frequent presence of
these signs and symptoms, delay in diagnosis is
common. Patton et al. found a delay in operation
for blunt atrial tears of more than 1 h in 16 of 24
cases they reviewed.19 As is frequently the case in
the management of the multiply injured blunt
trauma patient, the physician often must rely upon
diagnostic studies to confirm diagnoses and to assist
in establishing treatment priorities. In blunt cardiac
injury, electrocardiography may show a bundle
branch block or, in cases of cardiac herniation, axis
deviation. The chest roentgenogram may show an
increased heart shadow in 59% of cases, but could be
completely normal as in the present case.12 In the
stable patient, CT scan is a good diagnostic modal-
ity.26 Potential findings include pneumopericar-
dium, abnormal displacement of the cardiac
shadow, or the presence of hollow abdominal viscera
in the pericardial space from concurrent diaphragm
and pericardial disruption.7 Haemopericardium may
be apparent as well and is a potential indicator of
myocardial rupture, as is active contrast extravasa-
tion.26
Surgeon-performed bedside ultasonography
(FASTexam) is a particularly helpful and expeditious
diagnostic tool that when done by an experienced
individual has good reliability in demonstrating peri-
cardial fluid.11 Ultrasound has been clinically proven
to be both sensitive and specific in detecting peri-
cardial effusion in a trauma setting when performed
in a systematic fashion.22 It is non-invasive, mobile,
and can be readily repeated. In many centres it has
become the initial test of choice in the unstable
blunt trauma patient. However, its use may be
limited by the absence of qualified operators and
interpreters, by technical errors, and by the pre-
sence of subcutaneous air in the traumatised
thorax.
Some patients present with a delayed rupture
occurring anywhere from several hours to several
days after the initial trauma.10 This probably
explains the initially negative FAST scan obtained
on presentation in our patient. Subacute tamponade
may occur in patients with immediate full-thickness
myocardial tears with a delay in symptomatology
due to hypotension and intrapericardial clotting.
This has led some authors to advocate early and
repeated echocardiography within the first 2 weeks
after severe blunt chest trauma in patients with
persistent electrocardiographic changes.10 Pericar-
diocentesis, when successfully done, may allow
transient tamponade decompression with haemody-
namic improvement. Without a guiding method such
as ultrasound, however, pericardiocentesis has a
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Table 2 Overall mortality after blunt traumatic car-
diac rupture
Author(s) Reference N Mortality
(%)
Year
Mattox 17 13 85 1975
Martin et al. 14 14 50 1984
Shorr et al. 24 14 100 1987
Braithwaite et al. 1 32 81.3 1990
Fulda et al. 7 59 76 1991
Perchinsky et al. 20 27 59 1995false negative rate of at least 25%, in addition to the
risk of myocardial puncture and coronary artery
injury with blind pericardial puncture.9 In the sce-
nario of the stable patient with pericardial effusion
after blunt chest trauma, some recommend initial
pericardial decompression by a pericardial window
under local anaesthesia, and subsequent thoracot-
omy or sternotomy if positive.3,7
The role of ED thoracotomy in blunt chest trauma
is limited, but in the setting of acute loss of vital
signs in the patient with documented evidence of
pericardial tamponade or blunt cardiac rupture, one
can justify emergent left anterolateral thoracotomy
to relieve the tamponade and/or control the hae-
morrhage. The patient with vital signs can be taken
to the operating room and explored via a median
sternotomy, an operative approach that provides
optimal exposure of all four cardiac chambers.
Our patient was stable enough to be explored
through this approach and had preoperative evi-
dence of cardiac injury, which made median ster-
notomy the preferred approach. On the other hand,
some surgeons advocate the use of the anterior
thoracotomy in this scenario, especially when asso-
ciated aortic injuries are suspected.15 In their
review of 23 reports on patients who survived car-
diac rupture from blunt thoracic trauma, Leavitt
et al. noted that median sternotomy was used in 48%
of the patients, whereas a left anterior thoracotomy
was used in 45%.12 Only 6% were explored through a
right thoracotomy. Desforges et al. reported the
first successful repair of a blunt cardiac rupture in
1955.5 Since that time, various techniques have
been described to control haemorrhage from a car-
diac rupture (Table 1). These include manual com-
pression, application of vascular clamps, insertion
of balloon-tipped devices (Foley catheter, Fogarty
catheters), and occasionally, cardiac fibrillation.
Few patients require cardiopulmonary bypass, a
modality that facilitates repair in a bloodless field,16
and most injuries can be repaired primarily using
pledgeted nonabsorbable sutures.
The cause of death in patients with cardiac rup-
ture is usually pericardial tamponade or massive
haemorrhage if the pericardium is ruptured. TheTable 1 Techniques for acute haemorrhage control in
cardiac rupture
Manual compression
Application of vascular clamps
Insertion of balloon-tipped devices (Foley catheter,
Fogarty catheter, endotracheal tube)
Cardiac fibrillation
Inflow occlusion
Cardiopulmonary bypassmortality is quite high, as reported in several series
(Table 2), and the majority of deaths occur before
arrival to the hospital.1,7,14,17,20,24 Mattox et al.
reported 85% mortality in 13 cases in 1975,17 Martin
et al. noted a 50% mortality,14 and Shorr et al.
reported 100% mortality in 14 cases in 1987.24 More
recently, Pevec et al. reported 61 survivors, 36 of
which had a right atrial injury.21 Fulda et al.
reported a series of 59 patients who sustained blunt
cardiac rupture both with and without associated
pericardial injury.7 The overall mortality was 76%.
Among patients arriving at the trauma centre with
recordable vital signs, the overall mortality was just
over 50%. In another series, Braithwaite et al.
reported an overall mortality of 81.3% (26 of 32
patients with blunt traumatic cardiac rupture).1
None of the 20 patients presenting in cardiac arrest
survived, and for the 12 patients presenting with
vital signs, the mortality rate was 50%. This
increased survival in the more recent studies may
be explained by improvements in prehospital care,
the increased availability of operating rooms in or
near hospital emergency departments, and/or the
preponderance of right-sided lesions in series with
high survival rates.
Survival is also affected by the presence or
absence of pericardial rupture. A tear in the peri-
cardium has been reported in 10—33% of cases7,21
and, when present, may allow partial release of
tamponade while still controlling the rate of hae-
morrhage, thus transiently favouring survival.13 At
the same time, however, decompression into the
pleural space may also result in a massive hae-
mothorax and a high associated mortality. Asso-
ciated injuries are common and surely add to the
morbidity and mortality of blunt trauma victims. In
the series described by Fulda et al., abdominal
injury was noted in 43%, head trauma was seen in
51%, and concomitant orthopaedic injuries were
present in 40% of patients with blunt cardiac rup-
ture.7
Postoperatively, it has been recommended that
all patients should be evaluated for the presence of
occult septal and/or valvular injury by echocardio-
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peratively utilizing transoesophageal echocardio-
graphy if available.6 In the event an intracardiac
injury is identified, cardiopulmonary bypass will
most likely be required and the need for an intrao-
perative consultation with a cardiovascular surgeon
would be at the discretion of the operating surgeon.
Cardiac monitoring is also essential during the post-
operative period due to the frequent occurrence of
conduction disturbances and arrhythmias resulting
from either the cardiac injury itself or from its
operative repair. All such conduction abnormalities
and cardiac rhythm disturbances should be aggres-
sively treated.
In conclusion, patients reaching the hospital
alive who have sustained cardiac rupture as a
result of blunt trauma have a significant chance
of survival, especially with right-sided lesions,
provided that diagnosis is made expeditiously
and that therapy is instituted promptly. The
immediate use of echocardiography/ultrasonogra-
phy to detect the presence of fluid in the pericar-
dial space and the prompt repair of these injuries
are cornerstones to improving survival among
patients presenting with this rare manifestation
of blunt chest trauma.References
1. Brathwaite CE, Rodriguez A, Turney SZ, Dunham CM, Cowley
RA. Blunt traumatic cardiac rupture: a 5-year experience.
Ann Surg 1990;212:701—4.
2. Bright EF, Beck CS. Non-penetrating wounds of the heart: a
clinical and experimental study. Am Heart J 1935;10:293—
321.
3. Calhoon JH, Hoffman TH, Trinkle JK, Harman PK, Grover FL.
Management of blunt rupture of the heart. J Trauma 1986;26:
1495—501.
4. Chaumoitre K, Zappa M, Portier F, Panuel M. Rupture of the
right atrium-superior vena cava junction from blunt thoracic
trauma: helical CT diagnosis. Am J Roentgenol 1997;169(6):
1753.
5. Desforges G, Ridder WP, Lenoci RJ. N Engl J Med 1955;252:
567—9.6. Ellis JE, Bender EM. Intraoperative transesophageal echocar-
diography in blunt thoracic trauma. J Cardiothorac Vasc
Anesth 1991;5:373—6.
7. Fulda G, Brathwaite CEM, Rodriguez A, et al. Blunt traumatic
rupture of the heart and pericardium: a ten year experience
(1979—1989). J Trauma 1991;31:167—73.
8. Getz BS. Gravitational stress in aerospace medicine. Boston:
Little Brown, 1961. p. 168—88.
9. Getz BS, Davies E, Steinberg S, Beaver BL, Koenig FA. Blunt
cardiac trauma resulting in right atrial rupture. JAMA
1986;255:761—3.
10. Hartung O, Leprince P, Deneuville M. Delayed atrial rupture
after blunt chest trauma. J Trauma 1998;45:833—4.
11. Kato K, Kushimoto S, Mashiko K, Henmi H, Yamamoto Y,
Otsuka T. J Trauma 1994;36:859—64.
12. Leavitt BJ, Meyer JA, Morton JR, Clark DE, Herbert WE,
Hiebert CA. Survival following nonpenetrating traumatic
rupture of cardiac chambers. Ann Thorac Surg 1987;44:
532—5.
13. Liedtke AJ, DeMuth Jr WE. Nonpenetrating cardiac injuries.
A collective review. Am Heart J 1973;86:687—97.
14. Martin TD, Flynn JC, Rowlands BJ. Blunt cardiac rupture. J
Trauma 1984;24:287—90.
15. Mattox KL. Successful management of heart rupture from
blunt trauma. J Trauma 1981;21(7):534—7 [discussion of
Williams JB, Silver DG, Laws HL].
16. Mattox KL. Blunt traumatic rupture of the heart and peri-
cardium: a ten year experience (1979—1989). J Trauma
1991;31:167—73 [discussion of Fulda G, Brathwaite CEM,
Rodriguez A, et al.].
17. Mattox KL, VonKoch L, Beal AC, et al. Logistics and technical
considerations in the treatment of the wounded heart. Cir-
culation 1975;51:210—4.
18. Parmely LF, Manion W, Mattingly TW. Non-penetrating trau-
matic injury of the heart. Circulation 1958;18:371—96.
19. Patton AS, Guyton SW, Lawson DW, et al. Treatment of severe
atrial injuries. Am J Surg 1981;141:465—71.
20. Perchinshy MJ, Long WB, Hill JG. Arch Surg 1995;130:852—7.
21. Pevec WC, Udekwu AO, Peitzman AB. Blunt rupture of the
myocardium. Ann Thorac Surg 1989;48:139—42.
22. Rozycki GS, Feliciano DV, Schmidt JA, et al. The role of
surgeon-performed ultrasound in patients with possible car-
diac wounds. Ann Surg 1996;223:737—44.
23. Santavirta S, Arajarvi E. Ruptures of the heart in seatbelt
wearers. J Trauma 1992;32:275.
24. Shorr RM, Crittenden M, Indeck M. Ann Surg 1987;206:200—5.
25. Siegel T, Vaughan T, Papadakos PJ. Blunt traumatic rupture of
the heart, pericardium, and supradiaphragmatic inferior
vena cava: case report. J Trauma 1994;36:904—5.
26. Sliker CW, Mirvis SE, Shanmuganathan K, Meyer CA. Blunt
cardiac rupture: value of contrast-enhanced spiral CT. Clin
Radiol 2000;55:805—8.
